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(57) Abstract: 

PROBLEM TO BE SOLVED: To 
obtain a diffusion barrier film, having 
both diffusion barrier property and 
adhesion to copper by forming a 
laminated structure consisting of a 
crystalline nitrogen-containing 
metallic film and an amorphous 
metallic nitride film as a diffusion 
barrier film, for preventing copper 
diffusion and making metallic atomic 
species constituting a diffusion 
barrier layer the same. 

SOLUTION: A semiconductor 
substrate 1 1 is exposed to 
hydrogen-containing argon plasma 
and a copper oxide film formed in a 
surface of a foundation copper 
wiring 44 is removed through 
reduction. The semiconductor 
substrate 1 1 is carried in vacuum 
and sputter film formation from a 
high melting point metal target is 
carried out by using nitrogen- 
containing gas. In the process, an 
amorphous metallic nitride film 15 is 
formed by power adjustment of 
plasma generation power source, 
while holding nitrogen concentration 
in plasma gas constant, and 
thereafter a crystalline nitride- 
containing metallic film 16 is formed 
on the amorphous metal nitride film 
15. Thereby, a diffusion barrier film 
1 7, having both diffusion barrier 
property and adhesion to copper, 
can be formed continuously with the 
same chamber. 
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im--tz mm mam 3 tffihtiteK ««i.t:i-, *V:&K< r Mi*&fi - 

[0 0 3 8] 13, 0,'pJcifM i±, T«?fe1*ih::r^5 [00 i 8] .;,'>.] 3u 2 1 1±, Wt , .M!U-.o^il|ft:;iF:: 

i 1 3j jlejfSd*!?. 4 • k. cnjH^;{ft J- p$ 1 |-.-f -5 ff/. ' v ' ) T m 2r-ff r »x * ? 1 (H^<« i v MHc*«t L '" ff-ft'T n a > o 



( 6 



z> \ Hi-n^mm * m -> «t •? u, 'tii&w&ti 

fft.-< : J 7l^^H^-i o I'-fch, ^CUi^.: fc &* 2 . £ 

[on l 9] ritftli, ,„!.j;J)' 2 L' l 

i . t -*i t : . C'iJ -2 : i . v - * * ■ • * J; u J: o Jr -j i 2 
• : ? v 

[on HO] •'..j t -f>t!v:; i . ,i,?.-];J}i 2 .'! ! : f ,d#; < U'Z 

CU-cIi. sT«J;i:J: : )f ; J/»;-Ml:»:i : 10 

[o o r. i i n-^«'.»:-i vra. «•■£«:.• i uitiitts 

i-ui^o^fL'S'AiiiifEf'iJ;- v 1 ■•(»•:• -i-Miv • : :. - c 

•: : . fH v - ¥ ■ V 1- ill v ■■ /_• x - • ? iJ.- 2 A--' 

_* j 

[ o 0 r> 2 ] pi'I ■ J - J i • _ > 7. 19, L'ii!:3?n-:i- 
v JMi«fc*3lfltfl< r »KVlJ n " tYiP. l ". " * 

; v |-n- _\ -C\f, -0 2 2 ii -ftf i L (, • 20 



U» fMfc*$JKfrfffc«Wf'«W:irt 0 7*ji!:< o 
ii t > r x |. r .j - i. : 2 irki t 2 1 >, 
[n n r, i ] 

Irani] -tmi:&zAm' «• • » ~mi : * nu\ mntn. 

Ir^t^l'iij^l'b^ 30 
[ii o 5 i5] ^njiitfsiAiW'^JTWUJ: 
txit , *&,&H<Oli £ I? -feWSR^Tl : JM&W^feW&ffc 
(Rtf^Ffc-t iH^ai-Wih^-i 2 2^"C*£ 2 

r it:, TJtitttN > o 3 > fefUKi 2o 

*# IHt 4- i mm £ 2 i i)'<- * * £; -t-4M'i. -t'sm 

&-um-'>" -m tr.mtmm'Mi't z> i tu^o, 

2 |<. : !H£C, JB^Sfe ri:o!h-r;i, 2 2 //•-' d -i 2 1 > *» v|)« r 

[110 5 7 ] I/:. iciSgiifJl^ffioiett'f'i Tljri'.OMig'i 40 
■J; ; : i <i :i , '-S lv ;V f f ^ ^ 1- ' 13 1 > o x - % - » ;j ; ; 45 1 1 s 
-/-;> <-r 'Hj^tv.EJ?: '- r > A "r -ti I: r ■♦i: 0 - 2t: J: o 
:• * ' h") .tet4"iC j'-Hirb'i'O-h-t.iSisa 

'■.-•HtiS Sr ifitail'i: !f ; .^-^ 2 2 //•""]• fit t: 4- v 

[0 0 r. *] HH::i'jt::±. *:-VxW?,M;&Zi: 

•',i2t:ffc -./:1i,^.-:, -7 -/ ^-.'^/k-.iiJfiSrftl'v; 

■- 2 LTiftlKfc* pi 2. !v,f^ 2'-?!4i 2' r > f - » 

*^mAzX'K Minn m-%jmi>mki-z : 

feU, 'Cv^'i-fiilfiS-^'iV-U^ft?^, ^^2 50 



♦SfPS 2 0 0 1 - 7 20 A 

10 

V h ;5 - J;,', fli] ( ' . i f I'il-L-n .1 M I" 2+ .t ^ 2 2 4 

:8gfc ! tJ'c$-*o 2 tizx o, tt.'.f/fio^ii^'fi .k^im*-- 

f^^.^i.-:. -s-oii.viK v ; '•-I'^u^V'":, 
ItStc ;? 1:».4'Jv, 2 JlVn', %•■'> 2 2; • •• . i- o 

WWri'')i£llt.'f) ••*i-:'i;52!i , j::^i-u : uWrf-:.-: - 

[n ii 5 «] f/:. t<id' l; lu^ ; :-fv;,r/.' > : <" 7-.^-. , »^..;v.i- 
ij;U,t.H(i\ I'll'l-/;!.:^:;- 2 1\ K - 2 <_■ '.'?/2 L /.: I\ 
|-w; • v //..Vl'fTOIJL. v ,i; iVff^ 

it- t. i' ; , j-i. !:-:•*>;:. <t ••. >■ '< • v : 2 r «>; 

iikU 2 TW' ■ k'jfc >>"•". fi i A r V 

■-'.•'.ricm;.| h.<-»t-:'.M!il8]l l,'il2'' ;-iiuUi^2.f!;Vtffk 

[11 ii <5 tij f /:, j-:1itl!)jUi o^l.'ft'sO -rnq- r > •>•!.•?£.'/ 
iJ ; ti . I : -f:ic<j: >m iv.'HEi ■>' iJKt : ff^ ? < 1 .'-ftlTfti* s-> v > 
: ii'j : *t 2 ']:■'■ ?; ii " -i : ' ' -:> '< r ]-'o-J¥/r 
;:. r.felr fei- !'■'> ± 0 . I' itkji^d^'W-'i^iRii: 
if ? n - : >. » ji»ift? i \m X-M >i 2 -•: f • 14 j M t : / < i - 1 - 2 2 3 •- 

ftH'^)i<if « ' ft ft i- ifciu,^^ -i- 2 2 ? 
[on 15 1] ^-'fe, 'cXt:ft: r-v :. IS! 

#SliS.i 5 ..«(. 'fi-fL'- r '^ifiiW !-«-■» i !:f,'i.'.. , a Kt- r >-?t.-i;.%t!' 

'••'J Tp^Wi I'.tt 2 ft^b^tWfiS:: f OW.W.Srfilt 
rifSi :: t 0 . fewstftwia t'^iffit: -frfe?^- 

::. »ori|5i 'iMfSlitl? //••'-• 4 - : i m.iS'l-ri v 2 2/j- 
hi ■-•) ^'ni' '*}'<+ c 

[n 0 (5 2 ] 

[1ei»3^'€figcnif-:fg] ;);!:, «l :^tgHl4 t#. u .?. L t, 
ic'cW}^^- -0'K«B...')!f : .;ife.Uf|:. ; :.iii:^ '.'J -rmWM 

[(11)15:5] M 1 IZ.iVti U. 't'-f ft-W 1 1 !-.u 
t±. 1 2 Z:D® 1 cO^JR 

1 2 a !2!±4Hfti#ft-l 1 //ff^-^lT^-:-. 
1 2 a hUt*. I'-'Mfi^gqi 2 b#fil«?n-C^I), 

i-.o® :.-r,^m l 2 b'/)^iHiu:iPEffli.f l ^T.^ 
a, fic«i*i ^ ••^Sfeim 1 2 ;i!:.;|t 

ch'Li 1 frfcim 1 2 2 
[n ii 6 1 ] 'fc-4\ m'5 1 A" > ' u.iii t^#H: 
','jfel l-iliiiW62 

'.>-:. ^*..iT-4^'^'ii 1 ^Vm2. ^2.'>-r--v 

[0 0(5 5] l: T >Fr.. ~> -•> X-'-V^P'."*^,^ *i -5U 
UfT:-,':-fe^"". tt. -'-> ■^v%'|;,l£. l 5':r(i5:'< , '-t: 
LTi/^it-fJ ■-•» 2. • h kW,f$.Mz<. T >\-'>y%K 

i.i2ui0. l^iMitot^u J|V..M5«. T »feMS'4?fLKl 5 
A^Rti ^' T 'fe, -7 -:> v-i'iiw: fcimiis:: ,:v<' / 
- 1 : IHt * * * t v - 'r - h m 2 <r> I • f.jr 4 'fef.f.HJ 
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^rftlSSiftKU T> i^InW/iM^^^^-^^i gfrft [0O7.1] Til:-/; (A r ) ''/^ fc3M5 

(N. ) if^ hA^ii'rnv^ t' — :j ; h n-- "/ ;j 1 

[00 0 0] ^<0i,'i»JK [^]L'i:,j:-ri')C, f^ffijSV r'r:^:ii;a';«?i'./:l'S':-M' ' - - 2 1 HU« 

^./U^'fi^ii^ 1 . »-:inj '--Kr:/fi^fi-j(::Wj^;.u'i 2 1 c^iv:/: r ; 2 1 noiH/j;* 2 p a 

■ vi-tJic 1 )^ x.-x ■■' X- ptfctf ; -r/, - r :: J: [on/;.] >W V v ■ 1*1! s ryci .t x fvfl ■••_(.];, °, 

; }> Kfft/^J Tllft 1 7t r >fW!; »» 0 /"ji?:! - ■» mmfY:JV:«*» , W/'-^' ' F2<S(£ 

;;, 10 -feMMo v • - v . V ;i >' 2 7 t +r > - ■ u i' :; fft^ft: 

[000 7] ^V"v, 1 t.VH-'i 1 1 r^.Mi!L 1 9 i^f'/r'vi-'^r-v//?--: 1 c^of-j-ct^n 

<.')-r- -v ; / <■ - j:A [i>jrtx •) J£itV^ ,; ':oo ; F2 c v M\^'^(:(i/j::\fct / ) i' 1 ^Mfei'f 

] 7 FU«£ l s r iV^.'^L , Hftfti* 1 3 'U^L fiisl :fl-iiS<n":^ 0 , >K\b£U- l rhlf o > C 

1 1 -S-JHIR 1 .STJ'jyvif.v I'-^RK i'iaft' ;u ] 7 J: 0, -f- -v 2 1 r\^ r 'fcy**:'» »» t'J'J -t:L":, -.fe 

^ r ^:ifii(^: , i^u'- r, 'K^ ;V^feWR 1 ()'? ( f',o, T 1 f4 7 - - ^ • l- - - s <- r ^mU v AWi- (^n- -^h > j 

■■'W.-MH'il 1 o» ! v^ftl»iii t *Jr^n i:Wlj , l 1 »v*> -iC'/a^.. miiJLo, i : -^|^V:iV2 2 .!: 

[ooh.s] iiife::, 1 ii'jVri ^ c. CMPiA-T^ [0070] -*--v; '--2 ]|'>]::R Fr^t.^ 

w>mm 1 2 b '.'Viinii : t'-'iV: < >^L\{iV J /:^or Fvii;^ r :- l'- * ; -^'--r-; v £*r 

1 7 rMflCU S l:mV\')i:K:}:'i'Z>'-±l-± 0 , 20 -V.:*V T >^'r;tt (-/ -r-; 7 '^- ■ 17 ^ ' :i 2 1; 'r L 'C, 
1t^i^i'#]ffi*fti*f*^ - !:A : 'C^ * c ^ 2 2 il^r^i'TiJO, :; o 0 mm / '-'VrfS 7 

[ n o o h ] ji^. T »^/ ' * 'i T'h: ( r»|ftj hcOAKl'lti-feWK l • - ' H 2 s c tt i :•; . r.iiMiiz '. r >ift'l. f <l*Kt 1- o O 

hkm l ^ (ifl^^^^Htrffif^^ i ^r^j'ft [0 n 7 7] R Kt(£i^2 r> Jon:: l-ck F i'-r- v 

rYrt.v r. ^iinlteffti^jhiivij/jr --2 1 i^:-:P,to ^^^;Vt-A r ^-"> *'^2 6^- 

•cMr^ote, K^I.'Sjffii-j'^l 2 b >O*mt^)l'0 K:: ^l-'U, :- 7 )A r v; V 2 hT^'ti^-lA r i'tf> 

A -T % ;i 30 [ 0 I > 7 S ] hJ£^ X o ^* R I 7 h n > % ' % • ftj 

[o o 7 o] ^trffl^'C, VW&mil 2.h/*fl|l 2 b (N 1^ 

[ o (j 7 1] [ 0 0 7 9 ] -fL 1 l ^ii'Cffiii o . ^ m /'j^ I . T) ^ m 

-feW h J^.tt 'M'- r > ^ o ^ <:> f ftlf tfl^S ?r 2 b*,oi'K?!ift 1 • mT\t-. I^H^^^^^'C 

[fin7 2] -'•O'K^ijUiilU.X's v-j:(±, [^1 f, . 2— 1 -S--> 1 :? 1 7 P a > , ^h^^^a 'v 

;i'j*;tR F-rV'ivhi-j; , ll.^^Tl^f ?n HL 1 1 '• 7 )^i;^: NSiftWKI'/ 'i&i'^R 1 2 b -0 /tlf0"-r 

[o () 7 2] [^17. !i'jc1-R Fv h n 7 y.]^^ 7^ ? . 7l£/jA s r) R a S'<3iS r , Fit 

-H VC"H > -7 s :■: C J: 0 , -f- v > > ?- 2 l f>A»« 

it, rOi^^'FJj^T'jl -in 7 P a 'iiii'jl 1 0 [0 0 8 0l -fL 1 4 c T )Mu«(:j3«toT a#.fim h K 
i), 'n-2 1 P>]i:^'\r^i^T--#^^2 2 I'vj 

2 o 71/^:4 0 or::/jnft--r^ i h^^?J i i i:t ■:»-■: [0 0 8 1 ] loiii^o^ig r f ^ ii'^:) 
^O, • h 2 8 t^mWi'A 2 ho ^^'.i^n^c- % 1 oi'iCJi: LT^^i^: 
f!iF')fli«(i: 1 0 2mm'!nn J 4 mm^lWiC^i^ f>0 tit. M/C^ti^C, '<v* X«^OT a f * > 
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SaoJS/jllT.feo ^ (N, v :•> it \ . . ' ( A r+N, ) ) 

[0 0 8 2] ~ 7 ^- * I E J J 3 -iVj /Jirl" Z>Zb[l£ 0, Ta ^*:*%'£OK F/W- !: 7, ' — v ti\i & f$u T > tti&ifiCi'gc f t 

: ib-f^?^^ ^ '/r'k'J^Ta i'M- [homo] .lOHJt'i-f-^/ ; - l |V>J"k/j[± i :\ v 

v:idL i -•) I l WJ'i(:.f3lt'. : i-t---.'v [miHll R F^''.-i:|7;j:?-).\^\ N . (Ar-K 

''^•WltT-'U -ill !vfiiai^ r >Ji ! ;,'«"0'l' ;. . i C^t/, N tfi] vr^Wjli: Ml- ■ . '«L It^'L^ 

.•tjL^-i ■: j:o -r^'T.Vfc, -jli i '-^iwHtniiV^i-.'t^m io M^L, -rot*, Hf'j-ifiJjn l ~:i f •: winj^,L^n>:.. 

r :; ? ;: i iffcftV'r a ( , ?: > . o «. , 'H»f" , -'» - ''rt^x [0092] 1*31 0:W:.Ml :;c, 0 <> mm ^ ot a 

:,n.v v - - 'r . 'r: \< F ' ' ■= »s k W <s. 5W/i 

r : . :; h I- ;> iV> ^:- • - (\IM>' s>'£i\il-'\rt-.. 

f v^-ecA C T-i.'WtW:* J ::^f ! /: ^ . [no 9:;] !l(1:n^:i±, Nil "UN. Jt=n%, ni i 

;.: j: ;iM?^/^y^iHj;^*-;i -r^?>^, -Tvtfflcfc l liN. Jt- 1 Ml 2 UN. Jt= = 5"."., Ml :;CN 

"/2 2 !-.CJ(M.VL/:'l iid'?(.i^rK-'..M • Hl : :> 1 til ■ Jt= 7".)^|,>OX K I ) ' • - : 1:/jrr ( jt"F, Nl 1 

r i •:• :; 9 n£ o, ^ l i ^^'.i* l - 20 n^j^N l :: ty>Mtit'i'rn<}9 h i'W$<*£% J j*>>& 

m Um :i ±iiMUi L "■: t- • / !; uij^o 

- : i T y K4 : V.Cp :■! 7 -C 1 ^ ? ilio J: •» : I t'f i * *ii [OUM-l] N . Jt 0 ?.,'.':»*$ ,'rtl( J, Nil nC^rrj: 

-i'L 1 -1 -*?HtI*ftiflS: 1 'TMi£rfl5JI!"I*--> T a 'CC-i-rs ; iC, Ta (On 2) K^L/:^,luOT a fe^ll^ 

s/rTI]| i,W. : i"?*J5ifr"-^ii: : ■: i-- r >/:^', -ill -r^JtffiMii 1 h()^^()(i /( n-crat 

;; ; [o 0 h r.] N. Jt= 1 ^oJI.'rli.'i, 14 1 1 U'j^-J: 

[on sr.] -f L l l <>mk& l :w r >.^i:^^ ( ,'-Ta - r a N ■ h/;^^EL/:^^ft^:5? 

;:TaR:i6(.A r f r > 9 i : i o |tf 7 / y <i L ^ ^r?fl kmm iiz^ii. Tall) ^-OJttit 

5*1 :;oWli6ii ocWikttL, ?L1 ioPlifi-1 oj :43ft 30 [oo^h] N. It ■= s^^^Cfi, Nil JU^-ti 

Kiy t ^. TrtUt)VvA^:5tn:7i ? l'n t'fZ>S>tiW>!ilZ^b ft 2 0 n ^:A2 r. 0 // n — c mf?:li:'r^ 

/:/:L, 5 P a i-gi^^'hijo KciJt ti ^'"> [0 0 9 7] l£CN. JfSrifffiP 5^ir"C^ ■; -> Ell 3C 

-<v i' t ^-.7)f^j|'i[|:fr:f|iJ:.«rmmr'^^.I h^^O, T >f;i- J: mC, N. It- 7 % lit, T a N- 

a i' t iid« :; 5 ^> /^t^^^liiWt^'fnj h.i: «t Z tidi<r> :mWWM& . ItlSiiSil.tiHt i 

!:'■>;.? ■: t±ir; - to r f-l^^i^ rJSfi: ij£-i i .) [0 o 9 s] t a h >jrjfli^/:i& 

t^^^firOAr i'i->mL :tO,\r i't>::Jt ■>> ' ^^MN: !: R F.^ r /-4t> t:{fiYf 

o T a mfu^oW > ' m ^Sfi'feA^ I 'C, btcl*-^ S ^o^^Stg.ig, ^tll;V: ^^JtMI't^^fL'^ 

Li--i (,t*> kfflr>£5a;;-. 40 io : r (i, ..fi::^fu'i:\ ^^ /^'vf^N. ift 

[iiiis;] -^Jd, ^ ^ ^'-SfLK'^^ ^ *uV\%lZi> ft t R F '^^-fiir.liilifl^o I h C J: o'C, b^KH^' r >^ 

[ikinS] ]lh.?-v:i ; '!:, RFv^'f H3>^A [0 0 9 9] LA'*'^ 

.' v >/A-::J^ x ; .• ^ ! E 0 5 V a Itwffli: ^^^o,^:,:: (^xij^j; ^mtr kikt^tz. 1 

[11 os 9] SKtOk (Wt*J> stblUt i:-«!ifti:¥6JJL, R 

[^ ".'.Y^tef'iJ] I^19C, ^ -o:l5^f?iJ^^^lf^,^i.hR P'^/-OAr5:(l:"^^:h(:J: 0, ^.'W^ij£KL 

rtC#At^r;la'/#x (Ar) '^."ftCWi" i^.^^ r>0 



t 9 ) 1' 0 0 1 - 7 2 0 1 

If) 16 

[0 100] -£ZX\ N. lt£2 %<:iM/£LTK F'W "t^.. 20>J; -0 U^lt" n/:T a ■ Nj5 : A ri1 / Ui 

— .. T > ^ -J- 'Scf t ^ -tt ^ • JtWI-L^ ' f L t- [-J l 1 U'J< ' 7 -'^ ' *?iio«W.Ta : FWilttStt* L3>L 

-t 1*1 1 1 75"-*.H>'j-"..7i"T..t-).-L <£ 'Ml, K F 'iV-OA-i -'. "i - V -N-;- Tji-.s k\V;:>'o Ta''-^ 

2, h^f'*'---:. M l -I ::/j'rJ-j«LO^;fi:c r i' : : c i i> "'. • •* ^.-v.. » s<i£T 

.ij:t.v^7.ih 1 ii |- a, -rff ■:< I- Mi';jii'£ii 1 o a W- z^-M -tb^ iV f * i v Jt -» tilt-' > toiiMfc 

r p m, teWilAlfc:* - " n'CTft 2rt'; ■•uv^ •: V v i.e. : i 

In i o l] {-v K F • w - - ; : >t-*- -v X K 1 ) 4-Vtfe I" I » sj ^''Jii'fc-t-fjHJ-t-;:.^ mj 

VM l r> l m:.-jH- |-*| i r.UKi-'*"-- 2 k ,jc i j: ;:. TWiMM 1 I i-.c^r-^./:*-^ I 2 

W . I <| 1 6 ( t Iv F ' » 1 ' ■ ■ : •"■ k \Y . M I 7 ;i k F ' > r > - 1 0 b I I : I; '■><'<. i •■ 'ifci'M 1 ■'• I '• i '-' r -l'L 1 1 1' ^ ■*■ * 

■■■■■■ (-; kW, M i s:iK f '»-;-== s kwr>^fri r '.\ K n -"• ;: 2\". fMHiVfi?^'^;lf<'*'; l 7 ri&ll'srio i 2 

[d loi'] KK/>''--^2 kwv^vri: a . N> I ii. ili.''^:^' 5 i-tSifVri- « : .crt-'--:- 

ii. Ml r.li/ji+i 2!V»Viv''T a . WW-'-*'-. A- V***IS5 1 2 b ti'«1Sf «tti*1*Mrc % vtt. 

K i r 7 — r-i'^fJII r ■**:<'.> i l'' '^i-";'ii l iii ( Vi'{' r, T a N , ^''-IIW r fri"o - 2 irW. aV', -?r')«t ■> 2 

^^.n, k f '*"--•=- s k \\': r >i%<rtUA >x 2 -:;i> h-'jn <• a ; lni i r. o \jj-k\ i 2 - : inn,, 

;jt, M:.'j;ti-'ii:, T uRVraN h Tv^ZJl.tii-khm ''fA'J&ft-''.* - - T a b^.'AtiOT a 

7iytM*L/:4fi^W^)^4 t ;v'fi:.r-WK- '^2 5:02 2 \-. •••> : N « 2 *• • ■ 't v »i . 1 rt Ii ' > -''1'K t 

[o 1 (),".] Nl o il^L'di:, rii-;ii.lil'''>''--== ftHr'"?-. iH b '.'»^^ni-ffr:fV:-r;i ' r r-n 

L' k W t R F^v- -s k\\'i'>i% :rlli\} -\'iit:M'' >imi 20 lil'i ; , 3,!. : ;V<m?W; 1 0 •'•IKO 1 / i LTIt. « 0 .\>'j 

■S> E'c: ! t'J'l: j'-i'fliKit (S c a n n i n k' t£ I t- c t r o mi \ W'lA''ii'(&'~ & 6 

nM i c r ... sec p y : S KM' V-i'l '••^r [<i 1 no] 

[oi 04] K F 2 k\V'.'->#Kr:;(i, Ml r.c I® -H •'iilM!:i^ , 'C*-^Ri ; -^'f' 

•iitXRDi'i, i>m-:>t-'st;l X *:l€K!iJ|--,aK I- "> • v ^A'i:.^u-c;J:. -r-->-> * ^ — - * 'V*" 

\M&*i$'>^i>'\ *V>kW%imi'> : >i\- > £<<>: 'J- RF . : :.ik^l-.ii'a',-o^'< ' i ') ^ iMj'[i:i-'f -v - - 2i'i, 

'i r ;-- = sk\W*'r!:!i, Ml sii^tXK'D^o*) -J'*^>^, "» l- a J'U-. :n i i: t: i o , K«8t» iittl 

■<TfrZ>X->'.Z, ?>. - - T a IJ'I h T a N • . i iTJ^.'rt^ - ' -'•'WU^ ii<Mtlfli i-l"] I '. e I h /; : '>im~-ZZ> 

1 .^«r^ ! ,.m7i : ii ^ < i -c bo. j$! i i e-1 «u*is f r l -a> - ^ 1 1 : . 'j •••'> r >m<\> n'^-i m o n= .t 

M l r->i:Ltzl ■> c. r^ftSPii l h 

[o l o r>] -t^iit 3x ^UYW>kffi$JWfe?hZ> T a 30 i:iSi?n/:«{iR l 2 b +;:if^?^i^Kfit l :? r 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a diffusion barrier film, having both 
diffusion barrier property and adhesion to copper by forming a laminated structure 
consisting of a crystalline nitrogen-containing metallic film and an amorphous 
metallic nitride film as a diffusion barrier film, for preventing copper diffusion and 
making metallic atomic species constituting a diffusion barrier layer the same. 
SOLUTION: A semiconductor substrate 1 1 is exposed to hydrogen-containing argon 
plasma and a copper oxide film formed in a surface of a foundation copper wiring 44 
is removed through reduction. The semiconductor substrate 1 1 is carried in vacuum 
and sputter film formation from a high melting point metal target is carried out by 
using nitrogen-containing gas. In the process, an amorphous metallic nitride film 15 is 
formed by power adjustment of plasma generation power source, while holding 
nitrogen concentration in plasma gas constant, and thereafter a crystalline 
nitride-containing metallic film 16 is formed on the amorphous metal nitride film 15. 
Thereby, a diffusion barrier film 17, having both diffusion barrier property and 
adhesion to copper, can be formed continuously with the same chamber. 
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CLAIMS 



[Claim(s)] 

[Claim I ] The metal atomic species which the aforementioned diffusion barrier film has the laminated structure which 
consists of a nitrogen content metal membrane of a crystalline substance and an amorphous metal nitride in the diffusion 
barrier film which prevents the copper diffusion from the copper wiring formed on the semiconductor substrate, and 
constitutes the aforementioned diffusion barrier film is a diffusion barrier film characterized by the same thing. 
[Claim 2] The thickness of the aforementioned amorphous metal nitride is a diffusion barrier film according to claim 1 
characterized by being 80 or 150A. 

[Claim 3] The thickness of the aforementioned crystalline-substance nitrogen content metal membrane is a diffusion barrier 
film according to claim 1 or 2 characterized by being 60 or 300A. 

[Claim 4] The metal atomic species which the aforementioned diffusion barrier film has the laminated structure which 
consists of a nitrogen content metal membrane of a crystalline substance and an amorphous metal nitride in the structure of 
the multilayer interconnection which has the diffusion barrier film which prevents the copper diffusion from the copper wiring 
formed on the semiconductor substrate, and constitutes the aforementioned diffusion barrier film is the structure of the 
multilayer interconnection characterized by the same thing. 

[Claim 5] The aforementioned diffusion barrier film is the structure of the multilayer interconnection according to claim 4 
characterized by being formed so that the wiring slot formed in the insulator layer on a ground wiring layer and the front face 
of a hole may be worn. 

[Claim 6] Structure of the multilayer interconnection according to claim 4 or 5 characterized by forming the copper film on 
the aforementioned nitrogen content metal membrane. 

[Claim 7] The thickness of the aforementioned amorphous metal nitride is a diffusion barrier film given in the claim 4 
characterized by being 80 or 150A, or any 1 term of 6. 

[Claim 8] The thickness of the aforementioned crystalline-substance nitrogen content metal membrane is a diffusion barrier 
film given in the claim 4 characterized by being 60 or 300A, or any 1 term of 7. 

[Claim 9] The manufacture method of the diffusion barrier film characterized by forming continuously the diffusion barrier 
film of a laminated structure which consists of a nitrogen content metal membrane of the crystalline substance which only the 
power of a power supply which generates plasma is changed in the manufacture method of the diffusion barrier film by the 
spatter using nitrogen content gas, and uses the metal atomic species of a spatter target as a component, and an amorphous 
metal nitride. 

[Claim 10] The manufacture method of the diffusion barrier film characterized by forming continuously the diffusion barrier 
film of a laminated structure which consists of a nitrogen content metal membrane of the crystalline substance which it is the 
manufacture method of the diffusion barrier film by RF magnetron-sputtering method using a rotation magnetic field and RF 
power, and the aforementioned RF power is changed using nitrogen content gas, and uses the metal atomic species of a spatter 
target as a component, and an amorphous metal nitride. 

[Claim 1 1] The pressure of the aforementioned nitrogen content gas is the manufacture method of the diffusion barrier film 
according to claim 9 or 10 characterized by being 5Pa or more. 

[Claim 12] The manufacture method of a diffusion barrier film given in the claim 9 characterized by the nitrogen gas 
concentration of the aforementioned nitrogen content gas being 10% or less, or any 1 term of 1 1 . 

[Claim 13] The manufacture method of a diffusion barrier film given in the claim 9 characterized by the metal atomic species 
of the aforementioned spatter target being a tantalum, a tungsten, titanium, molybdenum, niobium, or such mixture, or any 1 
term of 12. 

[Claim 14] The state which is the manufacture method of the diffusion barrier film by RF magnetron-sputtering method 
characterized by providing the following, and maintained the nitrogen concentration in plasma gas to constant value. Process 
which sets a plasma generating power supply as the power of the first value, and forms the first film. Process which sets the 
aforementioned plasma generating power supply as the power of the second larger value than the first value of the above at 
the moment of desired thickness being obtained, and forms the second film on the film of the above first. 
[Claim 15] It is the manufacture method of the diffusion barrier film according to claim 14 which the first film of the above is 
an amorphous metal nitride, and is characterized by the second film of the above being a nitrogen content metal membrane of 
a crystalline substance. 
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[Claim 16] The pressure of the nitrogen gas in the aforementioned plasma gas is the manufacture method of the diffusion 
barrier film according to claim 14 characterized by being 5Pa or more. 

[Claim 17] The manufacture method of a diffusion barrier film given in the claim 14 characterized by the concentration of the 
aforementioned nitrogen gas being 10% or less, or any 1 term of 16. 

[Claim 18] The manufacture method of a diffusion barrier film given in the claim 14 characterized by the metal atomic 
species of a spatter target being a tantalum, a tungsten, titanium, molybdenum, niobium, or such mixture, or any 1 term of 17. 
[Claim 19] The thickness of the aforementioned amorphous metal nitride is the manufacture method of a diffusion barrier film 
given in the claim 9 characterized by being 80 or 1 50A, or any 1 term of 1 8. 

[Claim 20] The thickness of the aforementioned crystalline-substance nitrogen content metal membrane is the manufacture 
method of a diffusion barrier film given in the claim 9 characterized by being 60 or 300A, or any 1 term of 19. 
[Claim 21] The manufacture method of the copper wiring film characterized by providing the following. The process which 
carries out irradiation processing of the plasma of a hydrogen content argon to the wiring slot or hole formed in the insulator 
layer on a semiconductor substrate, the atmosphere -- **** - things - there is nothing - the aforementioned wiring slot or the 
surface layer of a hole - a wrap - the process which forms the diffusion barrier film of a laminated structure which consists of 
a nitrogen content metal membrane of a crystalline substance, and an amorphous metal nitride like, and the atmosphere - 
**** tne p rocess w hich there are nothings and grows a copper thin film on the aforementioned diffusion barrier film 
[Claim 22] The aforementioned diffusion barrier film is the manufacture method of the copper wiring film according to claim 
2 1 characterized by being what formed of a spatter. 

[Claim 23] The aforementioned copper thin film is the manufacture method of the copper wiring film according to claim 21 
characterized by being what formed by the vacuum forming-membranes method. 

[Claim 24] The aforementioned vacuum forming-membranes method is the manufacture method of the copper wiring film 
according to claim 23 characterized by being the thermochemistry gaseous-phase depositing method (heat CVD) for using the 
heat disproportionate of an organometallic complex. 

[Claim 25] The aforementioned vacuum forming-membranes method is the manufacture method of the copper wiring film 
according to claim 23 characterized by being the spatter which used the copper target. 

[Claim 26] The thickness of the aforementioned amorphous metal nitride is the manufacture method of a copper wiring film 
given in the claim 21 characterized by being 80 or 150A, or any 1 term of 25. 

[Claim 27] The thickness of the aforementioned crystalline-substance nitrogen content metal membrane is the manufacture 
method of a copper wiring film given in the claim 21 characterized by being 60 or 300A, or any 1 term of 26. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the diffusion barrier film which prevents diffusion of 
the copper from a copper wiring film especially about the structure and its manufacture method of the semiconductor 
integrated circuit which used copper (Cu) as a wiring material. 
[0002] 

[Description of the Prior Art] The influence a wiring delay affects the performance of a silicon ULSI device increases with 
progress of detailed-izing of a semiconductor device, and it is necessary to transpose the conventional aluminum w iring 
material to copper. Although copper specific resistance is about 70% of the specific resistance of aluminum, in order not to 
form an oxide-film passive state in the surface layer unlike aluminum, it is easy to corrode copper. 

[0003] Moreover, since copper diffuses the inside of silicon (silicon : Si) and a silicon dioxide (diacid-ized silicon : Si02) at a 
very large speed, if it permeates into MOSFET formed in a silicon substrate, it will cause degradation of a carrier life time. 
[0004] For this reason, in the semiconductor device using copper wiring, it is necessary to prepare the diffusion prevention 
film (diffusion barrier film) for preventing the copper diffusion to the copper insulator layer between wiring layers. 
Furthermore, a diffusion barrier film must have high adhesion with a layer insulation film and copper, in order to hold wiring 
reliability. 

[0005] For this reason, many proposals are made until now about the structure and its manufacture method of a barrier metal 
layer for preventing diffusion of the copper from the copper wiring film in a semiconductor integrated circuit. 
[0006] For example, "Semiconductor World" (issue in February, 1998) 91- 94 pages of writer Nobuyoshi Awaya (it is 
hereafter called "the conventional example 1 "), "Advanced Met allization and InterconnectSystems for ULSI Applications in 
1997" (issue in 1998) Writer 712-page 1 7-line ten lines and drawing 35 of key-won KUWON (Kee-Won Kwon) [ -713 page ] 
(It is hereafter called "the conventional example 2"), "Journal Electrochemical Society" (issue in July, 1998) Writer 2538 - 
2545 pages of em tea one (M. T.Wang) (It is hereafter called "the conventional example 3"), "1998 Symposium - VLSI 
Technology Digest of Technical Papers" (issue in 1998) Writer The consideration about a barrier metal layer is made by 22 - 
23 pages (it is hereafter called "the conventional example 4") besides dee DENINGU (D. Denning). 
[0007] Moreover, the structure and its manufacture method of a barrier metal layer for preventing copper diffusion are 
proposed by JP,8- 1 39092, A, JP,8-274098,A, JP,9-64044, A, JP, 1 0-256256 A and Japanese Patent Application No. No. 
330938 [ten to]. 

[0008] Generally, since copper is difficult to perform dry etching, it forms copper wiring using the chemical machinery 
polishing method (CMP:Chemical Mechanical Polishing). 

[0009] Specifically, an insulator layer is formed on ground copper wiring, and a wiring slot and the hole which results at a 
ground wiring layer are formed in this insulator layer. Next, a thin diffusion barrier film is formed in a wiring slot and the 
surface layer of a hole. Under the present circumstances, the wiring slot and the surface layer of a hole are completely covered 
by the diffusion barrier film. It is for preventing diffusion of the copper from non _****** Then, a copper film is grown up 
embedding the wiring slot and hole which were covered by the diffusion barrier film by electrolysis plating, CVD, or the 
spatter, and the copper film and diffusion barrier film which were formed in the insulator layer front face by the CMP method 
are removed alternatively. 

[0010] Thus, in addition to the diffusion tightness of the copper described previously, and the adhesion to copper, high 
covering nature is required of a diffusion barrier film. 

[001 1] As the quality of the material of the diffusion barrier film to such copper wiring, a refractory metal and its nitrides (a 
tungsten (W), tantalum (Ta), etc.) (a nitriding tungsten (WN), titanium (Ti), a titanium nitride (TiN), tantalum nitride (TaN), 
etc.) are examined as indicated by the conventional example 1. 

[0012] For example, Ta barrier film has good adhesion with the copper film formed of a spatter on it, and the crystallinity of a 
copper film can be improved as indicated by the conventional example 2. However, since copper is diffused also into Ta film, 
it is necessary for Ta barrier film formed in the bottom of a copper film to have thickness 50nm or more. 
[001 3] However, when a copper film is formed by CVD on Ta film, a fluorine (F) carries out a segregation to the interface of 
copper and TaN, and it is reported to the conventional example 4 that adhesion deteriorates. 

[0014] Moreover, it is reported that the crystalline-substance TaN barrier film which carried out orientation to the direction is 
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rich in the function of copper diffusion prevention as compared with a crystalline-substance Ta barrier film as indicated by the 
conventional example 3 (200) (111). 

[0015] Moreover, the attempt which carries out the laminating of a metal membrane and the metal nitride to a copper 
diffusion prevention function as a policy which improves the adhesion to copper is also made. 

[0016] For example, the manufacture method of the laminating barrier film by the spatter of having used titanium as a metal 
membrane is indicated by above-mentioned Japanese Patent Application No. No. 330938 [ ten to ]. As shown in drawing 32 , 
in this manufacture method, first, only Ar gas is introduced in a spatter chamber and the titanium film 1 is formed. Then, the 
titanium-nitride thin film 2 is formed on the titanium film 1, using the reaction of titanium and nitrogen auxiliary by 
introducing nitrogen gas. Thus, the laminating barrier structure 3 which consists of a titanium film 1 and a titanium-nitride 
thin film 2 is formed. In this manufacture method, in order to remove the metal oxide film of a ground wiring film front face 
as spatter pretreatment, argon plasma treatment is performed. 
[0017] 

[Problem(s) to be Solved by the Invention] The above diffusion barrier films of conventional copper were what has a 
technical technical problem which is described below. 

[0018] The 1st technical technical problem is that it is difficult to make the diffusion barrier film which has the adhesion of 
the diffusion tightness ability and copper to copper. 

[00 1 9] As shown in drawing 33 , the case where the metal membrane 5 of the columnar structure crystallized on the 
semiconductor substrate 4 is formed is assumed. In this metal membrane 5, since it exists until the grain 6 which is the 
meeting of the crystal of a piece, and the grain boundary 7 used as the interface of a grain 6 result [ from the front face of a 
metal membrane 5 ] in a pars basilaris ossis occipitalis, this grain boundary 7 serves as the path 8 which copper diffuses. For 
this reason, the barrier property of copper diffusion of a metal membrane 5 becomes a low thing. 

[0020] Moreover, if specific resistance, such as a tungsten (W), titanium (Ti), and a tantalum (Ta), forms metal membrane 5a 
on the semiconductor substrate 4 using a small metal as shown in drawing 34 , metal membrane 5a will become polycrystal 
structure. For this reason, this metal membrane 5a becomes the same columnar structure as the metal membrane 5 shown in 
drawing 33 , and the barrier property to copper diffusion becomes a low thing. 

[002 1 ] However, although copper diffusion tightness is inferior when copper is formed by the spatter on crystallized metal 
membranes, such as a beta-Ta (002) film which is obtained in the spatter of the usual Ta film, it excels in adhesion, and the 
reliability of the copper wiring from the ability of the copper film which was rich in the crystal stacking tendency to be formed 
improves. 

[0022] In metal membrane 5a which consists of a particle 9 like TaN [ being amorphous (amorphous) ] formed on the 
semiconductor substrate 4 as shown in drawing 34 on the other hand, specific resistance is also as low as about 200 to 250 
micro ohm-cm, and since the copper diffusion path 8 does not exist unlike the cry stallized metal membrane 5 as shown in 
drawing 33 , either, the barrier property to copper diffusion will become very high. 

[0023] However, since the crystal lattice is not equally arranged by the shape of amorphous, if the front face of metal 
membrane 5a forms copper by CVD or the spatter on this amorphous (amorphous)-like film, copper crystallinity and the 
adhesion to copper will deteriorate. 

[0024] Thus, in the monolayer structure film which consists only of the metal membrane or the amorphous metal nitride of a 
crystalline substance, it is difficult to obtain the diffusion barrier film which was rich in copper diffusion tightness and copper 
adhesion. The 2nd technical technical problem is generated in case a diffusion barrier film is used as a multilayer-structure 
film for the purpose of avoiding the fault of the diffusion barrier film of monolayer structure. 

[0025] For example, if a diffusion barrier film is formed as a laminated structure of the metal membrane of a crystalline 
substance with high adhesion with copper, and an amorphous metal nitride with high diffusion barrier property like TaN, the 
diffusion barrier film which was rich in copper diffusion tightness and copper adhesion can be obtained. 
[0026] However, since spatter membrane formation of the metal membrane of a crystalline substance and the amorphous 
metal nitride was sometimes carried out impossible continuously conventionally, two or more spatter membrane formation 
chambers which form membranes in 2 steps respectively separately, or are different in the metal membrane of a crystalline 
substance and an amorphous metal nitride needed to be used. 

[0027] For example, in above-mentioned Japanese Patent Application No. No. 330938 [ ten to ], nitrogen gas is introduced 
and the titanium nitride is formed, after introducing Ar gas into a spatter membrane formation chamber and forming a titanium 
film. However, according to this method, it sets, after forming a titanium film before forming a titanium nitride, and since a 
titanium nitride cannot be formed until Ar in a chamber and the partial pressure of nitrogen are stabilized by changing the 
mixing ratio of introductory gas, productivity cannot but become inefficient in time. 
[0028] The 3rd technical technical problem is related with the covering nature of a spatter film. 

[0029] Generally, when carrying out spatter membrane formation of a metal membrane and its metal nitride, a metal target is 
struck with Ar plasma generated by the rotation magnetic field and direct-current bias impression, and a metal membrane or 
its nitride is grown up into the substrate currently installed in the counter electrode. 

[0030] In this case, a spatter pressure is low voltage force lPa or less. When a deep wiring slot and a deep hole existed in a 
substrate front face since the metal particles struck with Ar plasma are irradiated at random to a substrate front face for 
example, it was difficult to grow up a metal membrane so that these openings may be covered completely. Moreover, for a 
low reason, a spatter pressure has low Ar plasma density, and cannot expect the re-spatter effect of striking the metal 
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membrane put on the substrate front face by Ar plasma particle. 

[003 1 ] The collimation spatter method for arranging the directivity of spatter metal particles is proposed by installing the 
metal plate in which many holes were formed between the spatter target and the substrate, in order to raise covering nature, 
and passing this hole. Although it was possible to have grown up a metal membrane to be the base of opening formed in the 
substrate front face according to this collimation spatter method, it was difficult to have made a metal membrane adhere to the 
side of opening. 

[0032] The crystalline metal membrane which has adhesion with the 4th technical technical problem good between copper 
films is a point which reacts easily the inside of the atmosphere and forms a surface reaction layer. Such a surface reaction 
layer will degrade adhesion with a copper film remarkably. 

[0033] The 5th technical technical problem is a problem of the reattachment of a copper-acid-ized film. In order to remove 
the oxide film of a ground wiring metal membrane front face before spatter growth of a diffusion barrier film, Ar plasma 
treatment is performed. When ground wiring was copper, the copper-acid-ized film dispersed by Ar spatter and the problem 
that a copper-acid-ized film will carry out the reattachment was shown in the front face of the hole formed in the insulator 
layer. 

[0034] The 6th technical technical problem is the point that the adhesion between copper and a diffusion barrier layer 
becomes bad, when a copper film is formed on Ta film and an amorphous TaN film by CVD. 

[0035] this invention is made in view of****, while being able to set on the above conventional technology, and it aims at 
offering the multilayer-interconnection structure have the diffusion barrier film which combines the diffusion barrier-property 
ability which prevents diffusion into a copper semiconductor device, and the adhesion ability between copper and the wiring 
layer mesenteriolum, and such a diffusion barrier film, and the manufacture method of such a diffusion barrier film in the 
semiconductor device using copper wiring. 

[0036] Furthermore, this invention aims at offering the manufacture method of the copper multilayer interconnection which 

embedded copper on the above diffusion barrier films. 

[0037] 

[Means for Solving the Problem] In the diffusion barrier film which prevents the copper diffusion from the copper wiring with 
which the claim 1 of this invention was formed on the semiconductor substrate in order to attain this purpose A diffusion 
barrier film has the laminated structure which consists of a nitrogen content metal membrane of a crystalline substance, and an 
amorphous metal nitride. The metal atomic species which constitutes a diffusion barrier film offers the diffusion barrier film 
characterized by the same thing. 

[0038] Moreover, the structure of the multilayer interconnection characterized by the claim 4 of the metal atomic species 
which a diffusion barrier film has the laminated structure which consists of a nitrogen content metal membrane of a crystalline 
substance and an amorphous metal nitride in the structure of the multilayer interconnection which has the diffusion barrier 
film which prevents the copper diffusion from the copper wiring formed on the semiconductor substrate, and constitutes a 
diffusion barrier film being the same is offered. 

[0039] In the structure of this multilayer interconnection, as for a diffusion barrier film, it is desirable to be formed so that the 
wiring slot formed in the insulator layer on a ground wiring layer and the front face of a hole may be worn as indicated by the 
claim 5. 

[0040] Moreover, on a nitrogen content metal membrane, a copper film can be formed as indicated by the claim 6. 
[0041] In the manufacture method of the diffusion barrier film by the spatter, a claim 9 changes only the power of a power 
supply which generates plasma using nitrogen content gas, and offers the manufacture method of the diffusion barrier film 
characterized by forming continuously the diffusion barrier film of a laminated structure which consists of a nitrogen content 
metal membrane of the crystalline substance which uses the metal atomic species of a spatter target as a component, and an 
amorphous metal nitride. 

[0042] Moreover, a claim 10 is the manufacture method of the diffusion barrier film by RF magnetron-sputtering method 
using a rotation magnetic field and RF power, using nitrogen content gas, changes RF power and offers the manufacture 
method of the diffusion barrier film characterized by forming continuously the diffusion barrier film of a laminated structure 
which consists of a nitrogen content metal membrane of the crystalline substance which uses the metal atomic species of a 
spatter target as a component, and an amorphous metal nitride. 

[0043] As for the pressure of nitrogen content gas, it is desirable that it is 5Pa or more as indicated by the claim 1 1 . 
[0044] Moreover, as for the nitrogen gas concentration of nitrogen content gas, it is desirable that it is 10% or less as 
indicated by the claim 12. 

[0045] As metal atomic species of a spatter target, it can choose from a tantalum, a tungsten, titanium, molybdenum, niobium, 
or such mixture as indicated by the claim 13. 

[0046] In the state where a claim 14 is the manufacture method of the diffusion barrier film by RF magnetron-sputtering 
method, and the nitrogen concentration in plasma gas was maintained to constant value The process which sets a plasma 
generating power supply as the power of the first value, and forms the first film, A plasma generating power supply is set as 
the power of the second larger value than the first value at the moment of desired thickness being obtained, and the 
manufacture method of the diffusion barrier film characterized by having the process which forms the second film on the first 
film is offered. 

[0047] In the manufacture method of this diffusion barrier film, as the first film, the nitrogen content metal membrane of a 
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crystalline substance can be chosen for an amorphous metal nitride as the second film, for example as indicated by the claim 
15. 

[0048] the process which carries out irradiation processing of the plasma of a hydrogen content argon to the wiring slot or 
hole with which the claim 21 was formed in the insulator layer on a semiconductor substrate, and the atmosphere - **** -- 
things -- there is nothing - a wiring slot or the surface layer of a hole - a wrap - like the process which forms the diffusion 
barrier film of a laminated structure which consists of a nitrogen content metal membrane of a crystalline substance, and an 
amorphous metal nitride, and the atmosphere -- **** « there are nothings and the manufacture method of a copper wiring film 
equipped with the process which grows a copper thin film on a diffusion barrier film is offered 
[0049] A diffusion barrier film can be formed by the spatter as indicated by the claim 22. 

[0050] Moreover, a copper thin film can be formed by the vacuum forming-membranes method as indicated by the claim 23. 
[005 1 ] As a vacuum forming-membranes method, the thermochemistry gaseous-phase depositing method (heat C VD) using 
the heat disproportionate of an organometallic complex can be used as indicated by the claim 24. Or the spatter using the 
copper target can be used as indicated by the claim 25. 

[0052] As for the thickness of an amorphous metal nitride, it is desirable that it is 80 or 1 50A as indicated by claims 2, 7, 1 9, 
and 26. 

[0053] As for the thickness of a crystalline-substance nitrogen content metal membrane, it is desirable that it is 60 or 300A as 

indicated by claims 3, 8, 20, and 27. 

[0054] 

[Function] According to the diffusion barrier film concerning this invention, since the film which touches a copper film 
directly is a nitrogen content metal membrane of a crystalline substance, it can secure adhesion and the high crystallinity of a 
copper film. 

[0055] Moreover, copper diffusion can be made to suppress by having made nitrogen contain in a metallic crystal as 
compared with a pure metallic-crystal film. 

[0056] Furthermore, since an amorphous metal nitride exists under the nitrogen content metal membrane of a crystalline 
substance, while being able to prevent copper diffusion according to the diffusion barrier film concerning this invention, 
adhesion with a ground insulator layer (here silicon oxide) is also securable. That is, the effect that copper diffusion can be 
prevented is demonstrated at the same time the high crystallinity of a copper wiring film and adhesion are securable by 
forming a copper wiring film on the diffusion barrier film concerning this invention. 

[0057] Moreover, according to the manufacture method of the diffusion barrier film concerning this invention, it becomes 
possible by changing only the plasma generating power supply power in the spatter using nitrogen content gas to form 
continuously the laminated structure which consists of a nitrogen content metal membrane of the crystalline substance which 
uses the metal atomic species of a spatter target as a component, and an amorphous metal nitride. 

[0058] Specifically, it is in the state which kept the nitrogen concentration in plasma gas constant, and first, if membranes are 
formed by making a plasma generating power supply into low power, an amorphous metal nitride will grow by sufficient 
reaction of a target metal and nitrogen. The nitrogen content metal membrane of a crystalline substance is obtained by 
carrying out film growth, without changing a plasma generating power supply to high power, and giving sufficient reaction 
time between nitrogen and a target metal immediately after it. Consequently, the effect that the diffusion barrier film of a 
laminated structure which consists of a nitrogen content metal membrane of a crystalline substance and an amorphous metal 
nitride in the same chamber can be formed efficiently continuously is demonstrated. 

[0059] Moreover, the effect that the covering nature across which the RF magnetron-sputtering method which introduced a 
rotation magnetic field and RF power adopts, the Ar plasma density which is the principal component of spatter gas since it 
makes it possible to realize a spatter [ as / whose pressure of nitrogen content gas is 5Pa or more ] raises, and it goes all over 
substrate opening according to the manufacture method of the diffusion barrier film concerning this invention is securable can 
acquire. 

[0060] Moreover, the manufacture method of the diffusion barrier film by this invention includes the process which carries 
out irradiation processing of the plasma of a hydrogen content argon to the wiring slot or hole formed in the insulator layer on 
a semiconductor substrate. Re-spatter covering of the copper-acid-ized film to the front face of the hole which could return the 
copper-acid-ized film currently formed in the front face of a ground copper wiring layer, and could return to metal copper, as 
a result was formed in the insulator layer of this process can be reduced sharply. 

[0061] furthermore, after that and the atmosphere ~ **** things - there is nothing - a wiring slot or the surface layer of a 
hole - a wrap - the effect that the structure which consists of a diffusion barrier film / a copper wiring film can acquire 
demonstrates according to the process which forms the diffusion barrier film of a laminated structure which consists of a 
nitrogen content metal membrane of a crystalline substance, and an amorphous metal nitride like, and the process which grow 
a copper thin film by the membranes vacuum forming-method, without not making a metal oxide-film 
[0062] 

[Embodiments of the Invention] Next, with reference to drawing 1 or drawing 4 , the manufacture method of the diffusion 
barrier film concerning the gestalt of operation of the first of this invention is explained. 

[0063] As shown in drawing 1 , first insulator layer 12a is formed on the semiconductor substrate 1 1, and the copper wiring 
44 is formed in this 1st insulator layer 1 2a. Second insulator layer 12b is formed on first insulator layer 12a, the wiring slot 13 
is formed in the front face of this second insulator layer 12b, and the hole 14 which reaches first insulator layer 12a is 
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continuously formed in the base of the wiring slot 13 with the wiring slot 13. 

[0064] First, in the 1st chamber, the semiconductor substrate 1 1 is **(ed) to hydrogen content argon plasma, and reduction 
removal of the copper-acid-ized film formed in the front face of the ground copper wiring 44 is carried out. Subsequently, 
vacuum conveyance of this semiconductor substrate 1 1 is carried out, and spatter membrane formation from a 
refractory-metal target is performed in the 2nd chamber using nitrogen content gas. 

[0065] Under the present circumstances, by sufficient reaction of a target metal and nitrogen, if membranes are first formed 
by making a plasma generating power supply into low power where the nitrogen concentration in plasma gas is kept constant, 
as shown in drawing 2 , the amorphous metal nitride 15 will grow. Then, the nitrogen content metal membrane 16 of a 
crystalline substance is obtained on the amorphous metal nitride 15 by performing film growth, without changing a plasma 
generating power supply to high power in an instant, and giving sufficient reaction time of nitrogen and a target metal. 
[0066] Consequently, as shown in drawing 2 , the diffusion barrier film 17 which has a laminated structure can be 
continuously formed efficiently within the same chamber in the side-attachment-wall section and the pars basilaris ossis 
occipitalis of the wiring slot 13 and a hole 14. The covering nature of the diffusion barrier film 17 can be raised by making a 
spatter pressure high enough in the case of spatter growth of this diffusion barrier film 17. 

[0067] Then, as vacuum conveyance is carried out and the semiconductor substrate 1 1 is shown in drawing 3 in the 3rd 
chamber, on the diffusion barrier film 17, vacuum membrane formation of the copper film 18 is carried out, and the wiring 
slot 13 and a hole 14 are embedded by the copper film 18. Under the present circumstances, the front face of the diffusion 
barrier film 17 is the nitrogen content metal membrane 16 of a crystalline substance, and the oxide film is not formed in the 
front face of the nitrogen content metal membrane 16 of vacuum conveyance of the semiconductor substrate 1 1. 
[0068] Finally, as shown in drawing 4 , reliable copper wiring can be obtained by removing alternatively the diffusion barrier 
film 17 and copper film 18 which are formed in the front face of second insulator layer 12b by the CMP method. 
[0069] The cause of improvement in copper diffusion barrier property is having made the metal membrane 16 contain 
nitrogen. Moreover, this nitrogen content metal membrane 16 has a big effect to secure adhesion with copper. The amorphous 
metal nitride 15 also demonstrates effect to copper diffusion prevention, and also it contributes to improvement in adhesion 
with ground layer insulation film 12b greatly. Consequently, the adhesion between a copper film 18 and the diffusion barrier 
film 17 can be secured, and diffusion of the copper from a copper film 18 to second insulator layer 12b can also be prevented. 

[0070] 

[Example] Hereafter, each example of the first above-mentioned operation gestalt is explained. 
[0071] 

[The first example] In the first example, the spatter which forms the laminated structure which consists of a crystalline 
nitrogen content metal and an amorphous metal nitride is explained. 

[0072] The spatter in the first example is performed in RF magnetron-sputtering equipment shown in drawing 5 . 
[0073] In RF magnetron-sputtering equipment shown in drawing 5 , with the exhaust air pumps 33, such as a dry pump, a 
cryopump, and a turbine pump, the chamber 21 is exhausted so that the internal pressure may be in the vacua which is about 
1x10 to 7 Pa, or about 1x10 to 6 Pa. The substrate heating heater 34 is installed in the chamber 21, and the semiconductor 
substrate 22 introduced in the chamber 21 can be heated now at about 20 or 300 degrees C. Moreover, as for the distance 
between the metal target 28 and the semiconductor substrate 22, it is possible to make it change within the limits of 102mm or 
134mm. 

[0074] Moreover, argon (Ar) gas and nitrogen (N2) gas are introduced in a chamber 21, where a flow rate is adjusted through 
the mass-flow controller 31, respectively. The pressure in the chamber 21 when introducing these gas into a chamber 21 is 
2Paorl7Pa. 

[0075] The diameter of the metal target 28 is 300 or about 320mm, and the metal target 28 is attached in the spatter chamber 
21 through the target electrode holder 27, a metal cathode 23, and a metal insulator 29. the permanent magnet 24 being 
arranged possible [ rotation ] inside the cathode 23, and rotating a permanent magnet 24 - the magnetic field 30 of the 
chamber 21 interior -- uniform -- carrying out - the front face of the metal target 28 - it can delete (erosion) -- it is made to 
become fixed Thereby, the homogeneity of the film formed on the semiconductor substrate 22 can be raised. 
[0076] Moreover, it connects with the cathode 23 through the adjustment machine (matching box) 32 for performing 
impedance matching, and the RF power supply 25 for introducing RF in a chamber 21 can impress a 13.56MHz RF by 0 or 
lOkW power to the metal target 28 of 300mmphi. 

[0077] If the RF power supply 25 is turned ON and RF is introduced in a chamber 21, the Ar plasma 26 containing nitrogen 
will occur. The spatter of the target metal 28 is carried out by Ar ion generated with this Ar plasma 26, the semiconductor 
substrate 22 is reached, and the nitrogen content metal 16 or the amorphous metal nitride 15 of a crystalline substance 
accumulates. 

[0078] Ta membrane formation was performed to the hole 14 (refer to drawing 1 ) formed in insulator layer 12b on the 
semiconductor substrate 22 (refer to drawing 1 ) using the above RF magnetron-sputtering methods. The result of the 
embedding property is shown in drawing 6 . 

[0079] The diameter of a hole 14 was 0.3 micrometers or 1.5 micrometers, and the thickness of insulator layer 12b in the part 
where opening of the hole 14 is carried out was about 1 .5 micrometers. It turns out that bottom coverage (ratio of the 
deposition thickness in the front face of the deposition thickness / insulator layer 12b in the bottom of a hole 14) improves as 
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the spatter pressure is made to increase so that clearly from drawing 6 (2->4->8-> 1 3-> 1 7Pa). Specifically, when a spatter 
pressure exceeds 5Pa, it turns out that sufficient covering nature is shown also to the big hole of an aspect ratio. 
[0080] In addition, Ta deposition thickness in the side of a hole 14 is the half grade of the deposition thickness in the pars 
basilaris ossis occipitalis of a hole 14, and Ta film which covers the whole internal surface of a hole 14 was formed with the 
increase in a spatter pressure. 

[0081] The two following points can be considered as a cause of this phenomenon. First, thinking as the 1st cause is the 
increase in the number of Ta ion in plasma gas, as shown in drawing 7 . 

[0082] When a spatter pressure increases, the collision with Ta atom and an excitation Ar atom increases, and ionization of 
Ta atom is promoted. As a result of Ta ion produced as the result being pulled by the negative self-bias generated in the 
semiconductor substrate 22, the perpendicularity of the incident angle of Ta ionic current bunch 35 to a semiconductor 
substrate side improves. For this reason, the overhang in near opening which happens by the usual spatter is suppressed, and 
Ta becomes easy to reach to the pars basilaris ossis occipitalis of a hole 14 or the wiring slot 13. Consequently, the Ta film 36 
w hich covers the whole internal surface of a hole 14 is formed. 

[0083] As the 2nd cause, the re-spatter of the deposition Ta film 36 by the Ar ion 39 as shown in drawing 8 can be 
considered. 

[0084] The Ar ion 39 which is the principal component of spatter plasma gas reaches in the state where it was accelerated by 
electric field, also to the semiconductor substrate 22 in a negative self-bias state only to a target. That is, the spatter also of the 
Ta film deposited on the semiconductor substrate 22 will be carried out again. Since a re-spatter is carried out as Ta film used 
as the cause of depositing near opening of a hole 14 or the wiring slot 13, and raising an overhang by this Ar ion 39 is shown 
by the arrow 37, the Ta atom 38 which goes to the bottom of a hole 14 or the wiring slot 13 becomes that it is hard to be 
barred near opening. For this reason, deposition of Ta in the bottom and the side of a hole 14 becomes is easy to be 
performed. 

[0085] Furthermore, since the re-spatter also of a hole 14 or the Ta film 36 in the pars basilaris ossis occipitalis of the wiring 
slot 13 is carried out by the Ar ion 39, Ta atom of the pars basilaris ossis occipitalis by which the re-spatter was carried out 
carries out redeposition to the side 40 of a hole 14 or the wiring slot 13, and is considered that the coverage in the side 40 of a 
hole 14 improves. 

[0086] In this time, a decision cannot perform whether the above-mentioned which effect serves as the main factor, and does 
it embed, and covering nature improves. However, since the mean free path of the plasma ion under the high-pressure force 
exceeding 5Pa is several mm, the effect by improvement in the perpendicularity of the incident angle of Ta ionic current 
bunch 35 is considered to be not so large a thing. Ar ion of sufficient density occurs according to the high-pressure force, the 
re-spatter of Ta deposition film by this Ar ion serves as the main factor, and that whose covering nature improves is 
presumed. 

[0087] In addition, in the high-pressure force spatter exceeding 5Pa, good covering nature was similarly accepted about 
spatter membrane formation of a tantalum nitride. 

[0088] In RF magnetron-sputtering method, the thing which were described above and for which a spatter pressure is made 

into the high-pressure force 5Pa or more is [ like ] desirable. 

[0089] 

[The second example] The relation between RF power at the time of changing the ratio (N2/(Ar+N2)) of the amount of 
nitrogen gas (N2) to the amount of the argon gas (Ar) introduced into drawing 9 in a chamber 2 1 using the high-pressure RF 
magnetron-sputtering method held in the first example and change of the specific resistance of a spatter growth film is shown. 
[0090] For the pressure in the chamber 21 at this time, the heating temperature of 13 Pa and the semiconductor substrate 22 is 
[ the distance between lOrpm, the metal target 28, and the semiconductor substrate 22 of the rotational speed of 200 degrees 
C and a magnet 24 ] 134mm. 

[0091] It is not concerned with RF power but the inclination which specific resistance once decreases, increases again after 
that with the increase in N2 rate in N2/(Ar+N2), and goes is seen. However, the rate of increase of specific resistance 
decreases, so that the rate of increase has large RF power depending on RF power. 

[0092] Change of the X diffraction pattern (XRD) by change of N2 ratio when supply ing RF power =6kW (8.5 W/cm2) to 
drawing 13 from drawing 10 to Ta target of 300mmphi is shown. 

[0093] concrete - drawing 10 - N2 ratio =0% and drawing 1 1 - N2 ratio - =1% and drawing 12 - N2 ratio - =5% and 
drawing 13 - N2 ratio - the XRD pattern of =7% of case is shown It explains making drawing 9 which shows drawing 10 or 
drawing 1 3 , and specific resistance correspond hereafter. 

[0094] N2 ratio = as shown in 0% of case at drawing 10 , Ta metal membrane of the crystalline substance which carried out 
beta-Ta (002 ) orientation is obtained, and the specific resistance is 160 or 200micro ohm-cm. 

[0095] N2 ratio = as shown in 1% of case at drawing 1 1 , the crystalline nitrogen content metal membrane (here Ta film) in 
which beta-Ta and TaNO. 1 were intermingled is obtained, and the value of the specific resistance decreases to about lOOmicro 
ohm-cm grade. 

[0096] N2 ratio = as shown in drawing 12 , it turns out that XRD pattern intensity is falling and the amorphous metal nitride is 
formed at 5% of case. The specific resistance was about 200 or 250micro ohm-cm grade. 

[0097] when N2 ratio is made to increase furthermore, it is shown in drawing 13 - as - N2 ratio the crystalline metal 
nitride of Ta3N5 grows up to be =7% of case, and specific resistance goes up further to it 
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[0098] Thus, when Ta target is used, depending on N2 concentration and RF power value in spatter gas, the crystal structure 
of the film which grows, composition, and specific resistance change. This means that the property of a growth film is 
controllable by controlling N2 concentration and RF power value in spatter gas, if it sees conversely, this invention is based 
on such a standpoint. 

[0099] However, in the case of a spatter, it is not easy to change the How rate (gas pressure) of spatter gas and N2 
composition ratio. Therefore, it is necessary by maintaining the flow rate (gas pressure) of spatter gas, and N2 composition 
ratio to constant value, and changing only RF power practical, to control the crystal structure of the film which carried out 
spatter growth, composition, and specific resistance. 

[0100] Then, change of the specific resistance at the time of fixing N2 ratio to 2% and changing only RF power is shown in 
drawing 14 . When changing only RF power so that clearly from drawing 14 , it turns out that spatter membraneous quality 
and specific resistance are controllable. The gas pressure in change of the specific resistance shown in drawing 14 is [ lOrpm 
and the substrate temperature of lOPa and magnet rotational speed ] 200 degrees C. 

[0101] Moreover, the property of XRD to each RF power is shown in draw ing 1 5 or drawing 1 8 . For drawing 1 5 , RF power 
^2kW and drawing 16 are [ RF power =6kW and drawing 18 of RF power -3kW and drawing 17 ] the properties of XRD in 
RF power =8kW. " 

[0102] Specifically, in the case of RF power ^2kW, TaNO.l of a crystalline substance is obtained as amorphous Ta2N is 
obtained and RF power is made to increase as shown in drawing 1 5 , and further, as shown at drawing 18 in the case of RF 
power =8kW, it is changing to the nitrogen content metal membrane of the cry stalline substance which a beta-Ta film and 
TaNO.l mixed. 

[0103] The cross-section scanning-electron-microscope (Scanning ElectronMicroscopy:SEM) photograph of the film which 
was obtained by drawing 19 and drawing 20 , respectively in the case of RF power =2k W and RF power =8kW is shown. 
[0104] RF power since in the case of 2kW a growth film has amorphous structure so that clearly also from XRD shown in 
drawing 15 , the grain boundary is not accepted. As XRD shown in drawing 18 also shows on the other hand in the case of RF 
power =8kW, it turns out that a crystal film which a beta-Ta film and TaNO. 1 mixed is obtained, and it has the columnar 
structure also for the film. 

[0105] Namely, by forming Ta2N which is an amorphous metal nitride by 2kW RF power, and changing spatter power to 
8kW at the moment of desired thickness being obtained If membraneous quality is changed to a crystalline nitrogen content 
metal membrane, as shown in drawing 2 1 The diffusion barrier film 17 of a laminated structure which consists of an 
amorphous metal nitride 15 (amorphous Ta2N) and a nitrogen content metal membrane 16 (mixed film which consists of 
beta-Ta of a crystalline substance and TaNO. 1 of a crystalline substance) of a crystalline substance on the semiconductor 
substrate 1 1 is formed. 

[0106] Actually, spatter power is changed to 8kW from 2kW during TaN membrane formation, and the SEM photograph of 
the membranous cross section which grew about 500A at a time continuously the nitrogen content metal membrane 16 of a 
crystalline substance and the amorphous metal nitride 1 5, respectively is shown in drawing 22 . It can check that the 
amorphous Ta2N film 15 and the nitrogen content metal membrane (Ta2N film) 16 of the quality of a columnar crystal 
constitute a laminated structure continuously, and are formed. 

[0107] The principle of this phenomenon is considered as follows. When spatter power is 2kW, the time in which the front 
face of Ta target is fully nitrided for the sputtering yield by Ar ion by N2 at a low sake exists. For this reason, the front face of 
Ta target is nitrided and it changes to Ta2N. Thus, since the spatter of the nitrided Ta2N is carried out by Ar ion, Ta2N 
deposits. However, since a spatter will be carried out by Ar ion before the time when the front face of Ta target is fully 
nitrided is given if spatter power is set to 8kW, nitrogen is presumed to be what the metal membrane of nitrogen content in 
which only a minute amount is contained becomes is easy to be obtained as for by Ta film by which a spatter is carried out. 
[0108] the wiring slot 13 formed in insulator layer 12b formed on the semiconductor substrate 1 1 as by using this 
phenomenon showed to drawing 23 , or beer — a hole 14 - a wrap -- it is made like and it becomes possible to form the 
diffusion barrier film 17 of a laminated structure The amorphous metal nitride (Ta2N) 15 located in a lower layer needs to 
have the thickness of a grade which can secure copper diffusion barrier property and can hold adhesion with ground insulator 
layer 12b. As such thickness, about 80A or 150A are desirable. On the other hand, the nitrogen content metal membrane 
(mixed film which consists of beta-Ta of a crystalline substance and TaNO. 1 of a crystalline substance) 1 6 of a crystalline 
substance has [ that what is necessary is to be able to hold copper diffusion barrier property and just to be able to secure 
adhesion with copper ] 60A or optimal about 300 A as thickness of the nitrogen content metal membrane 16. 
[0109] 

[The third example] In RF magnetron-sputtering method described in the first example, it becomes possible to raise a wiring 
slot or the embedding performance to a hole making into high pressure the pressure introduced in a chamber rather than the 
usual spatter, i.e., by being referred to as 5Pa or more. That is, as by changing power during membrane formation under the 
pressure of this field showed to drawing 1 , in case a dual DAMASHIN process which embeds simultaneously the wiring slot 
13 formed into insulator layer 12b formed on the semiconductor substrate 1 1 and a hole 14 is used, it becomes possible to 
obtain the laminating barrier film 17 under a good embedding property. 
[0110] 

[The fourth example] In the above-mentioned first and the second example, by changing spatter power described the case 
where the process which produces a laminating barrier film continuously was applied to RF magnetron-sputtering form. This 



7 of 10 



7/30/03 11:14 AM 



http://www4.ipdl.jpo. go.jp/cgi-bin/tran^web_cgi._ejje 



process can apply them also to DC magnetron-sputtering method as shown in drawing 24 , although N2 ratio and membrane 
formation power become different conditions. 

[0111] DC magnetron-sputtering equipment shown in drawing 24 A chamber 21 and the substrate heating heater 34 which is 
installed in the base of a chamber 21 and heats the semiconductor substrate 22, The target metal 28 arranged above the 
interior of a chamber 21 through an insulator 29 and a cathode 23, The exhaust air pump 33 which exhausts so that the 
internal pressure of a chamber 21 may be in the vacua which is about 1x10 to 7 Pa, or about 1x10 to 6 Pa, The magnet 42 
arranged above the target metal 28 and an insulator 29 are minded. A chamber 2 1 , the mass-flow controller 3 1 which adjusts 
the flow rate of argon gas and nitrogen gas, and is sent in in a chamber 21, and a cathode 23 and DC power supply 41 which 
impresses direct current voltage to the substrate heating heater 34 - since - it has become 
[0112] By turning ON DC power supply 41, the argon plasma 26 containing nitrogen occurs in a chamber 21 . 
[0113] 

[The fifth example] In the first and the second example, although the example in which one beer and wiring are formed was 
given, the structure which can apply this invention is not limited to the structure where one beer and wiring are formed. 
[0 1 1 4] as shown in drawing 25 , first insulator layer 1 2a forms on the semiconductor substrate 1 1 having -- this first 
insulator layer 12a - beer - the copper wiring 44 is formed in the interior of a hole through the diffusion barrier film 17, and 
insulator layer 12b formation of the second is further done on first insulator layer 12a the wiring slot formed in second 
insulator layer 12b, and beer -- the diffusion barrier film 17 forms also on the surface of a hole — having - **** - wiring 
**** beer -- a hole is embedded with copper wiring (not shown) through the diffusion barrier film 17 
[01 15] thus, the w iring slot which was alike, respectively and was formed and beer of two or more insulator layers by which 
the laminating was carried out ~ the front face of a hole -- the diffusion barrier film 17 ~ covering ~ subsequently » a copper 
wiring layer - a wiring slot and beer -- it is possible to embed a hole 

[01 16] The example is shown in drawing 26 . the laminated structure shown in draw ing 26 - from the insulator layer of three 
layers ~ becoming — each insulator layer - a wiring slot and beer -- a hole forms -- having -- those wiring slots and beer - the 
front face of a hole is being worn in the diffusion barrier layer 17, and the copper wiring 44 is embedded further 
[01 17] Hereafter, the manufacture method of a laminated structure shown in drawing 26 is explained. Semiconductor device 
1 lb separated by isolation layer 1 la is formed in the semiconductor substrate 1 1. The wiring slot and hole for taking 
semiconductor device 1 lb and contact are formed in the first insulator layer 12a, such as a silicon oxide formed on the 
semiconductor substrate 1 1, and the diffusion barrier film 17 which has the laminated structure which becomes the bottom of 
good embedding nature from the nitrogen content metal membrane of a crystalline substance and an amorphous metal nitride 
by the high-pressure RF magnetron-sputtering method which was described in the first example is formed in these wiring slots 
and the front face of a hole. 

[0118] Then, a copper film is embedded by the vacuum forming-membranes method at a wiring slot and a hole, and it forms, 
and by the chemical mechanical grinding method (the CMP method), the excessive copper film and the excessive diffusion 
barrier film 17 on first insulator layer 12a are ground alternatively, and copper wiring 44a is formed. 
[0119] Copper has a possibility that oxidization into copper film 44a may advance in order not to make an immobility object 
on a front face. For this reason, 1 2d of silicon nitrides for preventing oxidization of copper wiring 44a is formed on first 
insulator layer 12a. 

[0120] Furthermore, second insulator layer 12b is formed on first insulator layer 12a, and a wiring slot and a hole which 
contact lower layer copper wiring 44a are formed into second insulator layer 12b. Subsequently, the semiconductor device 
which has copper multilayer-interconnection structure as shown in drawing 26 can be manufactured by forming the diffusion 
barrier film 17 in the wiring slot and hole, and repeating further only the number of times of a request of manufacture process 
which embeds a wiring slot and a hole by copper film 44b. 
[0121] 

[The sixth example] In the sixth example, the equipment for forming the diffusion barrier film and copper wiring film of a 
laminated structure continuously and its manufacturing process are described. 

[0122] Drawing 27 is a plan when seeing the copper wiring film formation equipment concerning this example from the upper 
part. 

[0123] Copper wiring film formation equipment equips the core with the separation chamber 51, and the robot 52 for 
conveyance is held inside this separation chamber 5 1. the circumference of the separation chamber 5 1 -- further - two load 
lock chambers 45 and substrate heating gas appearance -- carrying out - a chamber 46, a wiring slot, and a hole - the etching 
chamber 47 for cleaning, the spatter chamber 48 for diffusion barrier film formation of a laminated structure, and the copper 
wiring membrane formation chamber 49 are attached using the cluster chamber 50 of such composition - a semiconductor 
substrate - the atmosphere - **** - there are nothings and it is possible to form a copper wiring metal 
[0124] The concrete manufacturing process of a copper wiring metal membrane is described below. First, a semiconductor 
substrate is introduced into the load lock chamber 45. An insulator layer shall be formed on a semiconductor substrate and the 
wiring slot or the hole shall be formed in this insulator layer. Subsequently, the load lock chamber 45 is exhausted using a dry 
pump and a turbine pump. Purge timing is about about 5 minutes, and the degree of vacuum after exhaust air is 7x10-3 or 
8x10 to 3 Pa. 

[0125] Then, the gate valve between the load lock chamber 45 and the separation chamber 51 is opened. At this time, the 
separation chamber 51 is maintained at 5x10-5 or the degree of vacuum of about 1x10 - 5Pa by the cryopump, the dry pump, 
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and the turbine pump, and a semiconductor substrate is conveyed inside the separation chamber 51 by the robot 52 for 
conveyance, without breaking a vacuum. 

[0126] then, in order to evaporate the excess water on a semiconductor substrate front face and to perform ally NINGU first, 
substrate heating gas appearance of the semiconductor substrate is carried out, and it conveys to a chamber 46 at this time, 
substrate heating gas appearance is carried out and the chamber 46 is maintained at the degree of vacuum of about 6x10 - 5Pa 
by the dry pump and the turbine pump substrate heating gas appearance is carried out, in the interior of a chamber 46, a 
semiconductor substrate is heated at 150 degrees C or about 200 degrees C, the excess water of a semiconductor substrate 
front face is evaporated, and the front face of a semiconductor substrate is defecated 

[0127] next, substrate heating gas appearance of the semiconductor substrate is carried out, and it conveys from a chamber 46 
to the etching chamber 47 for cleaning via the separation chamber 5 1 The etching chamber 47 for cleaning is maintained at 
the degree of vacuum of about 5x10 - 6Pa by the cryopump, the turbine pump, and the dry pump. 

[0128] After carrying in a semiconductor substrate to the interior of the etching chamber 47 for cleaning, reduction defecation 
of the interior of the front face of a semiconductor substrate, a wiring slot, and a hole is carried out by performing plasma 
etching of a semiconductor substrate using argon (Ar) gas or hydrogen dilution Ar gas (H2/Ar^3%). 
[0129] Moreover, the angle of the configuration of a hole and a wiring slot is deleted for this plasma etching, opening is 
extended to it in false, and there is an effect which raises an embedding property in it. 

[0130] Next, a semiconductor substrate is conveyed from the etching chamber 47 for cleaning to the spatter chamber 48 with 
the robot 52 for conveyance. In the spatter chamber 48, the spatter by the high-pressure RF magnetron-sputtering method 
mentioned in the first example is carried out. The interior of the spatter chamber 48 is maintained at the degree of vacuum of 
about 4x10 - 6Pa by the dry pump, the cryopump, and the turbine pump. 

[0131] The semiconductor substrate introduced into the spatter chamber 48 makes a crystalline nitrogen content metal 
membrane (mixed film which consists of beta-Ta of a crystalline substance, and TaNO. 1 of a crystalline substance), and an 
amorphous metal nitride (Ta2N) deposit by the method of changing momentarily RF power w hich was explained in the first 
and the second example. Here, the diffusion barrier film of a laminated structure can be obtained under good embedding 
nature under a property as shown in drawing 6 by considering as the gas pressure of lOPa, the substrate temperature of 200 
degrees C, and N2 division-ratio =2%, and changing power from 2kW to 8kW. 

[0132] Finally, vacuum conveyance of the semiconductor substrate is carried out from the spatter chamber 48 at the copper 
wiring membrane formation chamber 49. In order to perform vacuum conveyance, the front face of the cry stalline nitrogen 
content metal membrane located in the upper layer of a diffusion barrier film is kept pure. On this crystalline nitrogen content 
metal membrane, copper is formed by the chemistry gaseous-phase depositing method (CVD), embedding a wiring slot and a 
hole. The inside of the copper wiring membrane formation chamber 49 is exhausted by the degree of vacuum of about 4x10 - 
4Pa with the dry pump and the turbine pump. 

[0133] First, the temperature of a semiconductor substrate is maintained at 170 or about 200 degrees C, and a part for raw 
material [ which is mainly concerned with Cu(hfac) tmvs (TORIMECH1RUB1NIRUSHIRIRU hexafluoro acetylacetonate 
raincoat : trimethylvinylsilyl hexafluoroacetylacetonate copper (I)) ] 1, or 2g/is introduced into a carburetor with a liquid 
transportation method. The raw material evaporated with the carburetor is introduced by nitrogen carrier gas in the copper 
wiring membrane formation chamber 49, consequently the pressure in the copper wiring membrane formation chamber 49 is 
kept at about about 1 kPa. 

[0134] The introduced material gas causes a chemical reaction on a semiconductor substrate, serves as a copper film, and is 
deposited on a semiconductor substrate. Here, it deposits so that it may become thickness which fully lays a wiring slot and a 
hole underground, 8000 [ for example, ], and about 15000A thickness, 

[0135] When forming copper especially using CVD, diffusion into the segregation to the front face of the diffusion barrier 
film of the fluorine (F) contained in the TOR1MECHIRUBINIRUSHIRIRU hexafluoro acetylacetonate kappa 
(trimethylvinylsilyl hexafluoroacetylacetonatecopper (Cu(hfac) tmvs)) which is a CVD raw material, and a film, and copper 
diffusion have big influence on adhesion. 

[0136] The fluorine to the inside of the diffusion barrier film measured by the SIMS method (Secondary Ion Mass 

Spectroscopy) to drawing 28 and drawing 29 and a copper diffusion profile are shown, respectively. 

[0137] In the beta-Ta obtained by the spatter of Ar atmosphere, in order that a fluorine may carry out a segregation to the 

interlace of copper and Ta, adhesion becomes bad. On the other hand, in Ta2N, although a fluorine is spread in a film, in 

order not to diffuse most copper in a film, the connection between atoms is bad and adhesion becomes bad. In TaNO.l, in 

order to diffuse copper and a fluorine in a film, the connection between atoms improves and adhesion becomes good. 

[0138] That is, in depositing copper by CVD, it turns out that it is what raises adhesion and diffusion barrier property 

extremely as for the laminating barrier structure of crystalline-substance TaNO.l /amorphous Ta2N. 

[0139] passing through the above process -- the time of copper wiring formation - a semiconductor substrate - the 

atmosphere -- **** -- there are nothings, and since a copper wiring film can be formed and it becomes easy reflecting the 

membraneous quality of the copper which becomes possible [ maintaining the front face of a diffusion barrier film at a pure 

state ], and is produced by CVD in the crystal structure of Ta film of the front face of a diffusion barrier film, it is possible to 

raise a copper crystal stacking tendency and adhesion with a diffusion barrier film 

[0140] 

[The seventh example] The spatter chamber 48 is attached in the copper wiring membrane formation section (field 
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corresponding to the copper wiring membrane formation chamber 49) of the cluster chamber 50 shown in drawing 27 in this 
example. Since TaNO.l containing crystalline beta-Ta exists in the front face of a diffusion barrier film, the adhesion with the 
copper film formed by the spatter is held like adhesion with the copper film formed by CVD. 
[0141] 

[The eighth example] In this example, a semiconductor substrate is first taken out from the cluster chamber 50 shown in 
drawing 27 . This semiconductor substrate has structure as shown in drawing 30 . That is, the diffusion barrier film 17 is 
formed in the wiring slot currently formed in second insulator layer 12b, and the front face of a hole, and the copper ground 
film 53 is formed on the diffusion barrier film 1 7. 

[0142] To this semiconductor substrate, with plating, a copper film 54 is formed so that a wiring slot and a hole may be 
embedded. Consequently, as shown in drawing 3 1 , the thing which was formed by the copper ground film 53 formed of the 
laminating barrier structure 17, CVD, or the spatter and plating and which embed and produces the copper structure 54 
becomes possible. Then, for example, as shown in drawing 4 , copper wiring structure can be acquired by removing 
alternatively a copper film 54, the copper ground film 53, and the diffusion barrier film 1 7 by the CMP method. 
[0143] 

[Effect of the Invention] The following effects can be acquired by this invention. It is with a bird clapper that the 1st effect 
obtains the diffusion barrier film which has the diffusion barrier property and adhesion to copper possible. This is because a 
diffusion barrier film is constituted as a laminated structure which consists of an amorphous high metal nitride of copper 
diffusion barrier property ability, and a crystallized nitrogen content metal membrane with high adhesion. 
[0144] The 2nd effect is that it is possible to form a diffusion barrier film continuously by the same chamber. For this reason, 
it becomes possible to reduce equipment cost and time cost. 

[0145] This reason is in the state which fixed the nitrogen ratio of the gas introduced in a chamber at the time of a spatter, and 
is because it is possible to form an amorphous metal nitride and the nitrogen content metal membrane of a crystalline 
substance continuously by changing only spatter power momentarily. In the case of this method, in the upper metal 
membrane, nitrogen will contain inevitably. 

[0146] by using the equipment which carries out vacuum conveyance for example, of the semiconductor substrate, it is in the 
state which kept the front face of a diffusion barrier film pure, it can become possible to grow up a copper film, and the 3rd 
effect can raise the reliability of copper wiring 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 -This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings an> words are not translated. 
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